Genes control biological processes such as muscle, cartilage and bone formation, muscle energy production and metabolism (mitochondriogenesis, lactic acid removal), blood and tissue oxygenation (erythropoiesis, angiogenesis, vasodilatation), all essential in sport and athletic performance. DNA sequence variations in such genes confer genetic advantages that can be exploited, and/or genetic 'barriers' that could be overcome to achieve optimal athletic performance.
Introduction
Human athletic performance is a highly complex phenotype that could be considered a Multifactorial, Polygenic trait. Multi-factorial due to the multitude of involved and contributing factors that influence physical fitness, including environment, physiological and psychological traits. Polygenic due the multitude of genes involved that influence biological processes that contribute to the physical fitness and performance phenotype. DNA sequence variations in relevant genes have been associated with specific phenotypes involved in athletic performance: endurance capacity, muscle performance, susceptibility to injuries, body mass composition, and psychological aptitude. Information derived from DNA profiling of relevant genes, can indicate both advantages as well as genetic barriers that reflect on the athletic performance phenotype.
Personalized and individualized performance improvement strategies to enhance and exploit the genetic advantages or overcome genetic barriers can be implemented to optimize the physical fitness and sports performance phenotype and safeguard the optimal health of an athlete.
The recent breakthroughs in Genomic association studies have paved the way for predictive, preventive and personalized medicine. Multiple genomic variants -most functional variants in exonic regions of relevant genes-have been associated with common, multi-factorial and often serious diseases, such as cardiovascular diseases, diabetes, cancer etc. These confer increased risk, relative to the general population, which can be counter-acted by corrective actions and the necessary individualized preventive measures. Modifying the non-genetic factors (nutrition, smoking, lifestyle, clinical surveillance, etc.) results in the reduction risk, avoidance or delay of the onset of disease and in increased quality of life. As with all multi-factorial conditions, genetic makeup plays a major role in determining the complex phenotype of athletic performance and knowledge of genetic advantages and barriers conferred by the presence of such genomic variations can be of utmost importance and benefit to athletes guidance. (1, 2, 3) 
Sports DNA Profiling in Practice
Predictive genomics DNA profiling can not detect or determine superior athletes, but can predict abilities and weaknesses associated with sports performance. The general concept of predictive genomics allows to detect low penetrance sequence variation [not every person carrying the genomic variant will develop the respective traits], not proven to be causative, but which function in a cumulative fashion, contributing to the phenotypic manifestation of the relevant trait.
The nature of predictive genomics testing is qualitative rather than quantitative in nature. The predisposition for certain physiological traits when carrying specific genomic variations and the overall predisposition for a certain profile are not estimated in percentages, as this is scientifically unorthodox at least for the time being. The conclusions drawn on the presence of genomic sequence variations (genetic profile) -based on documented association studies in the scientific literature -will indicate whether a predisposing genomic variant is present and whether the overall genetic profile for the genes tested indicates certain abilities or weaknesses relevant and related to the sports performance phenotype.
We have grouped genetic variants based on their effects on different aspects of athletic performance and selected each of them to fulfill the following criteria:
Relevant with direct influence over the biological system of interest and the association to the respective traits clearly documented in the medical and scientific literature.
Prevalent:
The genomic variant is relatively common in the general population. Every attempt has been made to exclude genomic variants with less than 1% population frequency although it has not been possible in some instances.
Modifiable:
The effect of the genomic variant can -to a marked degree -be modifiable by application of appropriate measures and corrective actions.
Measurable:
The impact of the corrective actions that can modify the effects of the genomic variants should be measurable -given the proper time for corrective actions to take effect-by laboratory or physiological assays when possible.
This review presents the major genetic variants -as selected by the authors-associated with specific aspects of sports performance and how information from DNA profiling can be used to individualize and personalize training programs, nutrition and nutritional supplementation, to achieve optimal athletic performance and health of an athlete.
Endurance ability
Performance of individuals in endurance and mixed aerobic-anaerobic sports depends on aerobic power. Aerobic power is defined as the maximum amount of oxygen the body can utilize usually during intense exercise. Aerobic power is a physiological trait with strong genetic basis, and contributes significantly to the performance of an individual in sports requiring endurance.
Genetic predisposition regarding aerobic fitness is estimated by testing for a panel of genomic variants associated mainly with oxygen supply to tissues (cardiorespiratory fitness) and energy metabolism in muscles (Table 1 .)
In particular variants in genes involved in angiogenesis and vasodilation have been extensively studied for their effects to aerobic capacity and endurance performance. Elite athletes of endurance sports often share genomic variants that affect maximal oxygen consumption and energy supply of aerobic metabolism. Certain variants in genes such as ACE, (4, 5) BDKRB2, (6, 7) NOS3, (8) HIF1, (9) and VEGF (10, 11) enhance oxygen supplies to muscle tissues, and favor increased endurance. Moreover polymorphisms in genes involved in red blood cells production and function, such as EPOR (12, 13, 14) and HBB, (15) have been associated with increased oxygen supplies to muscles. Cardiorespiratory fitness depends also on heart rate recovery ability, and is genetically affected by CHRM2 genomic variants (16) among others. Strong evidence support that increased endurance ability is based on increased mitochondrial function. A group of genes crucial for regulation of energy metabolism is PPARs (Peroxisome Proliferator Activated
Receptors) which determine mitochondrial activity and are involved in muscle fiber type composition (17, 18) . Energy consumption in muscle cells is also influenced by the gene encoding for CK-MM (Creatine Kinase-Muscle Type) variant of this gene has been associated with energy savings during endurance training. (19, 20) Another extensively studied gene for its effects on athletic performance is ACTN3. The nonsense polymorphism R577X has been associated with a significant effect to the function of skeletal muscle fibers. The null genotype XX results in complete deficiency of protein ACTN3, leading to higher activity of slow fiber metabolism and enhancing endurance performance. (21, 22) 
ACTN3
Rapid Muscle Contraction C à T (R 577 à X) Rs 1815739
Muscle Performance
Muscle strength and general muscle performance are major factors for athletes involved in power, sprint and semi-endurance sports.
Several genetic variants contribute to the ability of muscles to perform during intense exercise (Table 2) . Variants in genes affecting oxygen supply to muscles and energy consumption affect muscle strength phenotypes, as well as endurance capacity, either with similar genotype effects (NOS3 (2, 8) and HIF-1, (2, 23) enhancing oxygen transfer to muscles) or different genotype (ACE, (4, 5) ACTN3 (21, 22) ) effects. The ACTN3 wild type allele "R" for example is overrepresented in sprint and power athletes, favoring fast muscle fibers contraction, in contrast to the "X" null allele that favors endurance athletes. (21, 22) Muscle function is strongly associated with genes affecting muscle energy metabolism during intense exercise, such as AMPD1. A nonsense genomic variant in the gene is associated with acute exercise intolerance, creating a genetic barrier for intense muscle performance. Sedentary individuals who are deficient for the enzyme develop symptoms such as cramps, easy fatigability, and myalgia after exercise. (24, 25) A major factor for muscle fatigue after intense power exercise is the rates of lactic acid removal. A variant in the MCT-1 gene affects lactate transport capability and thus intensity of performance. (26) On the other hand, a gene variant in DIO1 affects positively anaerobic exercise phenotypes, enhancing muscular strength. (24, 27) Table 2 : Genetic variants associated with muscular performance and power exercise phenotypes.
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Utility and Guidelines for Improve Performance
Predictive genomics DNA profiling results from the panels of endurance capacity and muscle performance (Tables 1 and 2 ) provide information that can be utilized in two major areas: a) Choice of Sport or Athletic Activity.
Choosing a suitable sport or athletic activity is a complex process and usually takes into account several factors, including anthropological and biochemical measurements, technical skills, and first and foremost social and economic factors. Along with these factors, information derived from predictive genomics DNA profiling should also contribute to the decision.
Identification of genetic advantages in either endurance or power/speed or both can be used in selection of individuals who may have better or even elite performance in certain types of sports.
In the case of an individual with the favorable variants shown in Table 1 Based on specific genomic variants that an athlete carries, sports professionals (coaches, strength, conditioning trainers and sports scientists) can take measures to maximize the athlete's potential. This is extremely beneficial in cases of individuals who already have chosen a sport without taking into consideration their genetic predisposition and desire to improve their endurance and muscle performance, respectively, based on indicative DNA profiling.
Depending on the biological effect of certain polymorphisms, individualized training strategies can be followed either to enhance genetic advantages or overcome genetic barriers. In Table 3, we provide sample recommendations to improve endurance and power performance, respectively based on indicative DNA profile. The aforementioned genetic variants have been chosen to affect the most important systems affecting endurance and muscle power. Moreover, certain nutritional adjustments based on NutriGenetic / NutriGenomic DNA variants can impact markedly sports performance.
Individual with genotypes conferring significantly reduced muscle power (ACTN3 "XX" null genotype) or muscles overload (CKMM A 214 à G), may benefit from an increase in protein intake. Increase in lactic acid clearance to prevent muscle fatigue after intense exercise can be achieved with a high alkaline diet. Increased risk for hypertension requires special caution in sodium intake for individuals homozygotes for the ACE "DD" genotype as well as special medical surveillance including blood pressure monitoring before, during and after training and cardiovascular examination, including echocardiograms. 
Perform exercises in sub

Susceptibility to injuries
Individuals involved in amateur athletic activities or professional sports may suffer from sports related injuries. Genetic predisposition and increased risk for tendinopathies and tendon sports related injuries is conferred by the genetic variants listed in Table 4 . maximum intensity or increase progressively the intensity of the exercise.
CK-MM
NcoI restriction
A 214 à G Genomic variants in genes encoding various collagen types (COL1A1, (28, 29) COL5A1 (30, 31) ) confer increased risk for tendinopathies since collagen is the main structural component of tendons and ligaments. Moreover the specific variant in the MMP3 gene encoding a matrix metalloproteinase interacts with COL5A1, (32) (33, 34, 35) [ Table 5 ]. (36, 37, 38, 39, 40) [ Table 6 ]. Physical activity is beneficial not only for athletes but also for the population at large in terms of body weight management and BMI reduction. Depending on the DNA profile for genes involved in body mass composition, physical activity alone might not be sufficient to achieve lean fat mass, maintain a good BMI and improve sports performance. Proper nutrition and nutritional supplementation are essential for individuals with at-risk DNA profiles. Physicians, trainers and nutritionists can tailor nutritional recommendations [ Table 7 ] according to sport or athletic activity of choice as well as anthropometric and biochemical measurements. Table 7 : Guidelines for preventing fat accumulation and muscle mass increase.
GG
Lifestyle recommendations Nutritional recommendations
Maintain normal body weight or BMI < 25.
Quit Smoking *Increase aerobic activity o30-60min, 3-6 days/week), using large muscle activities, 
Psychological aptitude
Determination is very important for athletes especially for those performing at high level. Along with many socio-psychological factors and relationships, motivation to exercise has a strong genetic basis. The gene BDNF is involved in the development and survival of nervous system, both central (in brain) and peripheral. The polymorphism G 196 à A (rs6265) affects the psychological response to stress and also motivation to exercise. In particular, it has significant effects on the individual's positive/ negative thinking during intense exercise and competition (41, 42, 43) . Thus, an athlete can be guided more appropriately and efficiently for better emotions and stress management to achieve optimal performance.
Substance abuse control
Doping control for testosterone abuse is based on detection of testosterone by-products in urine.
Levels of testosterone metabolites vary widely among individuals, even if they have not involved in testosterone abuse. A genomic variant (deletion / insertion polymorphism) in the UGT2B17
gene directly influences levels of testosterone by-products in urine. Individuals with the insertion allele show markedly increased levels of urine testosterone that might lead to false positive results in anti-doping biochemical testing. (44, 45) Currently, the World Anti-Doping Agency (WADA) does not take into account the DNA profiling of athletes in anti-doping monitoring. However this information is crucial since higher levels of testosterone and testosterone by-products in the urine do depend on an individual's genotype, and could produce false positive results at doping control.
DNA Profiling in Sports Nutrition
Nutritional genomics encompasses the fields of Nutri-Genomics (how dietary bioactive compounds affects function of genes and proteins) and Nutri-Genetics (how certain inheritable genetic variants interact with bioactive dietary compounds affecting health status). The ultimate purpose of nutritional genomics is to determine for each individual their personalized and individualized nutritional needs, which are essential and beneficial to promote optimal health and well-being. Understanding the genetic nutritional needs of an athlete provides an additional valuable tool in strategies to optimize sports performance (46, 47, 48) .
Several functional genomic variants affect basic aspects of human health. Vitamin B complex has a key role (folic acid, Vitamin B6, Vitamin B12) in cell metabolism and especially DNA synthesis and repair processes. Associations of variants in genes responsible for the metabolism of these vitamins (MTHFR, MTR, MTRR, etc.) (49, 50) dictate increased folic acid intake and appropriate supplementation. Similarly accumulation of variants in genes affecting antioxidation and detoxification (among other GSTT1, GPX1, CAT) (51, 52, 53, 54) confer compromised ability to defend against free radical damage and oxidative stress insults. Individualized nutritional guidance can significantly enhance anti-oxidation and detoxification abilities, promoting optimal health and consequently optimal sports performance. Athletes face increased risk of inflammation from intensive exercise, which is further intensified by functional genomic variants in genes such as TNF-α, IL-6 and CRP). (55, 56, 57, 58) Thus it is crucial to enhance antiinflammatory bioactive compounds in their diet.
Often nutrition professionals involved in guiding athletes regard increased iron intake and supplementation as a necessity, especially in athletes involved in endurance sports. However genetic profiles of individual athletes may be indicative of increased risk for Hemochromatosis, when specific variants in gene HFE are present. (59, 60) In these subjects, increased iron intake may lead to iron overload with serious toxic effects on tissues.
Nutritional programs for athlete are traditionally designed to accommodate the nutritional demands of the sport of choice on various biochemical markers that indicate specific nutritional needs. It is now possible to utilize DNA profiling to optimize the nutritional plan and supplementation of an athlete to enhance performance and avoid serious health risks.
In sports such as wrestling, rowing, weight lifting, tae kwon do, martial arts, boxing etc. athletes compete in specific weight classes. Failure to meet specific weight class requirements may be extremely disadvantageous for the athlete because he might be forced to compete with much heavier or powerful opponents. Thus, a well-structured dietary program, meeting the exact dietary and energy requirements for the particular athlete and competitive sport is crucial to success. A common practice in such sports is that few days before competition athletes are a little heavier (1-3 Kg) compared to the weight class they compete. Then they tend to lose weight during the last 24 hours before competition following a calorie-restricted dietary plan. Since certain gene variants affect energy balance, DNA profiling may be taken into account when designing and implementing dietary programs for these sports.
Substrate utilization is crucial for optimum performance in long distance events such as marathon, ultra-marathon or triathlon. In sports with repetitive consecutive competition days (e.g. cycling) athletes need an individually tailored nutritional plan on a daily basis that meets the that day's energy needs. Maintaining optimal body weight is crucial since excess weight may affect running or cycling economy. Excess carbohydrate consumption may trigger excess insulin release and liposynthesis. Glucose sparing is crucial for success in these events and athletes often attempt not only to replenish glycogen stores after each event, but also to increase glucose uptake during the event by consuming foods or nutritional supplements (bars, gels, liquids etc.).
Since certain genes are involved in glucose homeostasis and other genes may affect lipolysis, DNA profiling must be taken into account when designing competition meals for these athletes.
Nutritional programs for athletes are traditionally designed to accommodate the nutritional demands of the sport of choice and are based on various biochemical markers that indicate specific nutritional needs. It is now possible to utilize DNA profiling to optimize the nutritional plan and supplementation of the athlete to enhance performance and avoid serious health risks.
Conclusions and Considerations
Predictive Genomics DNA profiling for sports performance is a tool to be utilized along with other more commonly used tools (biological, biochemical and anthropometric measurements) by sports professionals to aid in sport selection and formulation of individualized and personalized training and nutrition programs to overcome performance barriers and achieve optimal performance for the specific individual athlete.
The benefits of sports DNA profiling are not limited to individuals involved in professional sports such as athletes competing at elite level, but to anyone that is physically active, involved in physical fitness and maintaining optimal health.
DNA profiling for Athletic Performance should not be utilized for diagnostic purposes or for screening and selecting the next champion or Olympic games winner. It should not be used to detect athletes with elite potential or diagnose tendinopathies. It is indicative of genetic "trends" of individuals and a tool to guide athletes to the maximal utilization of their potential, possibly leading to improved performance in sports. DNA profiling is dynamic. Novel genomic discoveries should be taken into consideration when they are strongly and unequivocally associated with traits that contribute to the complex sports-performance phenotype. The more essential and meaningful genomic variants used and the more reliable the risk-assigning algorithms become, the greater the predictive value of the DNA profiling and sports performance improvement.
Predictive Genomics DNA Profiling for sport and athletic performance identifies genetic advantages to be exploited, genetic barriers to overcome, offers insights into sport and athletic activity selection (endurance, strength, mixed), determines increased risk for sports related injuries and uncovers sports performance hindrances (body mass, psychological attitude, substance abuse). Knowledge and utilization of DNA profiling leads to devise and implementation of protocols suited to sport and genotype via optimized, personalized and individualized training and nutritional programs for maximum performance and optimal health for the athlete.
